Brigham Young University

BYU ScholarsArchive
Instructional Psychology and Technology Graduate
Student Projects

Instructional Psychology and Technology

2018-06-05

Aligning Open Science Textbooks to the Next
Generation Science Standards
Spencer B. Perry
Brigham Young University - Provo, spencer.b.perry01@gmail.com

Follow this and additional works at: https://scholarsarchive.byu.edu/ipt_projects
Learn more about the BYU department of Instructional Psychology and Technology at
http://education.byu.edu/ipt
BYU ScholarsArchive Citation
Perry, S. B. (2018). Aligning Open Science Textbooks to the Next Generation Science Standards. Unpublished masters project
manuscript, Department of Instructional Psychology and Technology, Brigham Young University, Provo, Utah. Retrieved from
https://scholarsarchive.byu.edu/ipt_projects/6

This Evaluation Project is brought to you for free and open access by the Instructional Psychology and Technology at BYU ScholarsArchive. It has been
accepted for inclusion in Instructional Psychology and Technology Graduate Student Projects by an authorized administrator of BYU ScholarsArchive.
For more information, please contact scholarsarchive@byu.edu, ellen_amatangelo@byu.edu.

Running head: ALIGNING OPEN SCIENCE TEXTBOOKS TO THE NEXT

Aligning Open Science Textbooks to the
Next Generation Science Standards

Spencer B. Perry

A master’s project submitted to the faculty of
Brigham Young University
in partial fulfillment of the requirements for the degree of
Master of Science

Dr. Royce Kimmons, Chair
Dr. Heather Leary
Dr. Jason McDonald

Department of Instructional Psychology and Technology
Brigham Young University

Copyright © 2018 Spencer Perry
All Rights Reserved

1

ALIGNING OPEN SCIENCE TEXTBOOKS TO THE NEXT GENERATION

2

ABSTRACT
Aligning Open Science Textbooks to the
Next Generation Science Standards
Spencer Perry
Department of Instructional Psychology and Technology, BYU
Doctor of Philosophy

Open educational resources and open textbooks are popular in schools primarily because
of their low cost. However, open textbooks may or may not be aligned to the appropriate
learning standards. This project develops an alignment evaluation tool and evaluates an open
science textbook to determine if it is in alignment with the Next Generation Science Standards
(NGSS). It was found that a textbook may not reasonably be expected to achieve all elements of
the NGSS but that the open textbook achieved most of the NGSS elements that could be
achieved. Challenges encountered during the alignment process are discussed.
Keywords: Education, standards, curriculum, alignment, science, OER

ALIGNING OPEN SCIENCE TEXTBOOKS TO THE NEXT GENERATION

3

ACKNOWLEDGMENTS
I wish to acknowledge the members of my committee who provided the critical support
in the development and execution of this project, as well as my wife, Molly, without whom this
work would have been not only impossible, but also without meaning.

ALIGNING OPEN SCIENCE TEXTBOOKS TO THE NEXT GENERATION

4

Table of Contents
ABSTRACT .................................................................................................................................... 2
ACKNOWLEDGMENTS .............................................................................................................. 3
LIST OF TABLES .......................................................................................................................... 7
LIST OF FIGURES ........................................................................................................................ 8
Aligning Open Science Textbooks to the Next Generation Science Standards.............................. 9
Project Origin .............................................................................................................................. 9
Client Expectations ................................................................................................................... 10
Questions and Goals ................................................................................................................. 16
Review of Literature ..................................................................................................................... 17
Open Educational Resources .................................................................................................... 17
Open Textbooks in Science Classrooms ............................................................................... 18
Current Textbook Options for Idaho Teachers ..................................................................... 18
Standards v. Curriculum ........................................................................................................... 19
Education Standards.................................................................................................................. 19
Common Core State Standards ................................................................................................. 20
Common Core State Standards: Language Arts ................................................................... 20
Common Core State Standards: Mathematics ...................................................................... 21
Controversy Surrounding the Common Core State Standards ............................................. 22
Issues Surrounding Alignment and the Common Core State Standards............................... 23
The Next Generation Science Standards................................................................................... 23
Performance Expectations ........................................................................................................ 24

ALIGNING OPEN SCIENCE TEXTBOOKS TO THE NEXT GENERATION

5

Science and Engineering Practices ....................................................................................... 26
Disciplinary Core Ideas......................................................................................................... 27
Crosscutting Concepts .......................................................................................................... 27
Alignment Models .................................................................................................................... 29
Alignment Practices of Textbook Companies .......................................................................... 30
Textbook Companies and NGSS Alignment ............................................................................ 31
Method .......................................................................................................................................... 35
Instrument ................................................................................................................................. 35
Tagging Document................................................................................................................ 35
Tagging Process ........................................................................................................................ 37
Changes in Process ............................................................................................................... 38
External tagging ........................................................................................................................ 39
Data Analysis ............................................................................................................................ 41
Internal Reliability ................................................................................................................ 41
External Reliability ............................................................................................................... 43
Findings......................................................................................................................................... 45
Frequency of Standards............................................................................................................. 45
Defining Sufficient Support ...................................................................................................... 48
Under-Supported and Unsupported Standards.......................................................................... 49
Discussion ..................................................................................................................................... 51
NGSS and Alignment Levels .................................................................................................... 51
Subjectivity of Tagging............................................................................................................. 52
Other Tagging Choices ............................................................................................................. 54

ALIGNING OPEN SCIENCE TEXTBOOKS TO THE NEXT GENERATION

6

Difficulty of Finding Taggers ................................................................................................... 56
Accessibility Issues ................................................................................................................... 57
Factual Errors ............................................................................................................................ 59
Other Editing Issues .................................................................................................................. 60
Limitations ................................................................................................................................ 62
Implications for Future Research .............................................................................................. 64
Implications for Future Evaluators ........................................................................................... 64
Meta-evaluation ............................................................................................................................ 65
Conclusion(s) ................................................................................................................................ 67
References ..................................................................................................................................... 68
Appendix A: Evaluation Document for Doceo Center ................................................................ 73
Appendix B: Correlation Documents to Accompany Textbook ................................................... 74
Appendix C: Instruments .............................................................................................................. 88
Appendix D: Complete Tagging Sheets ....................................................................................... 94
Appendix E: Annotated Textbook Selections ............................................................................. 101

ALIGNING OPEN SCIENCE TEXTBOOKS TO THE NEXT GENERATION

7

LIST OF TABLES
Table 1. The Table of Contents from Physical Science 2.0. ......................................................... 12
Table 2. Webb Alignment Model Criteria .................................................................................... 29
Table 3. The Survey of Enacted Curriculum Alignment Criteria ................................................. 30
Table 4. Interpretation of Intraclass Correlation Values ............................................................... 42
Table 5. Intraclass Correlations of Retagged Sections ................................................................. 42
Table 6. Intraclass Correlations of External Taggers Relative to Initial Tagging. ....................... 44
Table 7. The Number of Occurrences for Each NGSS Framework Element in the Textbook ..... 46
Table 8. An excerpt from the Disciplinary Core Ideas Progression. ............................................ 54

ALIGNING OPEN SCIENCE TEXTBOOKS TO THE NEXT GENERATION

8

LIST OF FIGURES
Figure 1. The cover of Physical Science 2.0. ................................................................................ 16
Figure 2. The visual representation of a NGSS. ........................................................................... 25
Figure 3. Horizontal and Vertical Alignment ............................................................................... 32
Figure 4. A correlation document on NGSS alignment from Pearson. ........................................ 33
Figure 5. A correlation document on NGSS alignment from McGraw Hill. ................................ 34

ALIGNING OPEN SCIENCE TEXTBOOKS TO THE NEXT GENERATION

9

Aligning Open Science Textbooks to the Next Generation Science Standards
The concept of Open Educational Resources is appealing to many stakeholders in
education. However, they do not come without their own challenges. These challenges vary by
subject area. This project addresses some of the challenges that are associated with open science
textbooks when used in conjunction with the Next Generation Science Standards, proposes a tool
for determining the degree of alignment of open textbooks, and shows the degree of alignment of
an open science textbook.
Project Origin
School districts across the United States are turning to Open Educational Resources
(OER) to support curriculum. One of the main motivations for turning to OER is the cost
associated with textbooks produced by large textbook publishers. Each textbook purchased from
a publishing company could easily cost over $100. When multiplied by every student in the
school and by every subject area, schools face an enormous budgetary challenge in providing
textbooks to students. Since public schools are funded mostly by tax dollars, the pressure to
reduce spending in schools is not only practical, but also political in nature.
The costs associated with OER are typically in the human resources required to produce
the OER and in printing and distribution costs. Schools that opt for digital versions of OER can
further reduce cost by opting for a digital textbook, eliminating the need for a printed book. The
University of Idaho produces open textbooks, thereby eliminating almost all financial burden on
individual Idaho districts regarding textbooks.
The Doceo Center at The University of Idaho worked to develop open science textbooks
for use in Idaho public schools. A group of teachers from Idaho schools who met at The
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University of Idaho produced the textbooks. The teachers produced five books in a series of
three-day meetings using a method of adapting, revising, and remixing openly licensed content
(Doceo Center, 2013a). Teachers in Idaho evaluated the textbooks based on categories of
accuracy, aesthetics, alignment conciseness, formatting, media, readability, resources,
supplements, and timeliness, in addition to overall. The evaluators who participated in this study
rated the open textbooks higher than their individual copyright-restricted textbooks in every
category (Kimmons, 2015). However, since these evaluations were completed, the state of Idaho
has adopted a modified version of the Next Generation Science Standards. This means that the
degree to which the Doceo Center’s current open science textbooks align with the new science
standards is unknown.
Client Expectations
Cassidy Hall, the director of the Doceo Center for Innovation and Learning at The
University of Idaho, identified five specific outcomes she considered necessary for this project to
be considered a success. Cassidy identified these in an early meeting during the forming stages
of this project. They are listed below in order of priority.
1. The finished project should include a detailed evaluation document that describes the
process, successes, and failures of the design process. This is the document that will inform
the Doceo Center on best approaches for the alignment of future textbooks. This evaluation
document is included as Appendix A: Evaluation Document for Doceo Center.
2. The textbook should be accompanied by an executive summary type document that provides
a snapshot of the design process that produced the textbook. This document should include a
list of NGSS component tags and their frequency of use and is included as part of Appendix
A: Evaluation Document for Doceo Center.
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3. The textbook should include an external document to be used as a quick reference for
instructors and will include cross referencing alignment. This document includes a series of
tables that provide exhaustive cross references of textbook sections and individual elements
of the NGSS framework. It should allow teachers who use the printed version of the textbook
to more easily identify textbook sections that support specific framework elements.
4. The current textbook contains supplemental materials that need to be aligned to the NGSS
framework. They should be aligned to all seven of the NGSS crosscutting concepts. This
outcome was achieved using the same process that tagged the entire textbook.
5. The project should identify gaps in alignment in the current textbook where parts of the
NGSS framework are not addressed. Cassidy considered the creation and assembling of new
material to fill these gaps to potentially be within the scope of the project, but she was unsure
whether there would be sufficient time to do so. When progressing through the project, it was
determined that the creation of new content would require an unacceptable amount of time to
finish the project before various procedural deadlines.
Cassidy Hall and I co-selected the textbook to be evaluated (the evaluand). While initial
proposals from Cassidy indicated that she was interested in using Biology 2.0 or Chemistry 2.0
for the evaluation, we eventually agreed that using Physical Science 2.0 (Figure 1. The cover of
Physical Science 2.0.) would be acceptable because of my greater degree of content knowledge
and experience teaching physical science as compared to biology and chemistry. The contents of
this textbook are shown in

Table 1.
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Table 1. The Table of Contents from Physical Science 2.0, a Doceo Center Textbook. Items with
an asterisk were not evaluated.
Chapter
1 - Scientific Research and
Technology

Section
1.1 - Scientific Investigation
1.2 - Science Skills
1.3 - Technology
1.4 - References*

2 - Introduction to Energy

2.1 - Types of Energy
2.2 - Forms of Energy
2.3 - Energy Resources
2.4 - References*

3 - Thermal Energy

3.1 - Temperature and Heat
3.2 - Transfer of Thermal Energy
3.3 - Using Thermal Energy
3.4 - References*

4 - Waves

4.1 - Characteristics of Waves
4.2 - Measuring Waves
4.3 - Wave Interactions and Interference
4.4 - References *

5 - Sound

5.1 - Characteristics of Sound
5.2 - Hearing Sound

ALIGNING OPEN SCIENCE TEXTBOOKS TO THE NEXT GENERATION

5.3 - Using Sound
5.4 - References*
6 - Visible Light

6.1 - The Light We See
6.2 - Optics
6.3 - Vision
6.4 - References*

7 - Electromagnetic Radiation

7.1 - Electromagnetic Waves
7.2 - Properties of Electromagnetic
Waves
7.3 - The Electromagnetic Spectrum
7.4 - References*

8 - Forces

8.1 - What is a Force?
8.2 - Friction
8.3 - Gravity
8.4 - References*

9 - Motion

9.1 - Distance and Direction
9.2 - Speed and Velocity
9.3 - Acceleration
9.4 - References

10 - Newton's Laws of Motion

10.1 - Newton's First Law
10.2 - Newton's Second Law
10.3 - Newton's Third Law
10.4 - References*

11 - Work and Machines

11.1 - Work
11.2 - Machines

13
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11.3 - Simple Machines
11.4 - Compound Machines
11.5 - References*
12 - States of Matter

12.1 - Solids, Liquids, Gases, and
Plasmas
12.2 - Changes of State
12.3 - References

13 - Atoms

13.1 - Inside the Atom
13.2 - Modern Atomic Theory
13.3 - References*

14 - Periodic Table

14.1 - How Elements are Organized
14.2 - Classes of Elements
14.3 - Groups of Elements
14.4 - References*

15 - Chemical Bonding

15.1 - Introduction to Chemical Bonds
15.2 - Ionic Bonds
15.3 - Covalent Bonds
15.4 - References

16 - Chemical Reactions

16.1 - Introduction to Chemical Reactions
16.2 - Chemical Equations
16.3 - Chemical Reactions and Energy
16.4 - References*

17 - Chemistry of Solutions

17.1 - Introduction to Solutions
17.2 - Solubility and Concentration
17.3 - Acids and Bases

14
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17.4 - References*
18 - Electricity

18.1 - Electric Charge
18.2 - Electric Currents
18.3 - Electric Circuits
18.4 - Electronics
18.5 - References*

19 - Magnetism

19.1 - Magnets and Magnetism
19.2 - Earth as a Magnet
19.3 - References*

20 - Electromagnetism

20.1 - Electricity and Magnetism
20.2 - Using Electromagnetism
20.3 - Generating and Using Electricity
20.4 - References*

21 - Glossary*

15
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Figure 1. The cover of Physical Science 2.0.
Questions and Goals
The primary purpose of this project was to design a process for determining alignment of
open science textbooks and to conduct an evaluation of that alignment tool. Other anticipated
outcomes of this project were the expected outcomes of the client, including a detailed
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evaluation document that could be used to align other textbooks, a correlation document that
cross-references the elements of the textbook that are already aligned to NGSS, and the
identification of NGSS framework elements that are not supported by the textbook. A long-term
goal of the Doceo Center is to apply the same process as this project in aligning other textbooks;
thus, a major goal of the project was a process that is generalizable to other textbooks, other
providers, and other learning standards.
Review of Literature
The literature surrounding Open Educational Resources, curriculum, standards, adoption,
and alignment is substantial. In the sections below, I discuss definitions of Open Educational
Resources, learning standards, curriculum, types of education standards including the Common
Core State Standards and the Next Generation Science Standards, models of alignment,
alignment practices, and NGSS alignment. While the Next Generation Science Standards are the
focus of this project, it is important to understand the Common Core State Standards because
many of the issues surrounding NGSS alignment will also arise when aligning to the Common
Core State Standards.

Open Educational Resources
Open Educational Resources are educational resources that have specific permissions.
Wiley (2010) described OER as resources that are free to use and have four specific permissions
that he calls the “4 Rs.” Those permissions include the following:
● Reuse: users of the resource can make copies of the work without making changes to the
work, such as making a backup copy of a work.
● Revise: users of the resource can adapt or modify the work to suit their needs, such as
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adding clarifying statements to definitions.
● Remix: users can combine the work with other works to create new works, such as
assembling a textbook of OER resources.
● Redistribute: users can share copies of OER works with or without revising or remixing,
such as distributing copies to a class of students.
While other definitions of OER exist, they all generally share characteristics of
permitting users to freely use the content without reprisal related to copyright restrictions (Wiley,
Bliss, & McEwen, 2014).
Open Textbooks in Science Classrooms
Open textbooks have been shown to be effective in middle school and high school
science classrooms in terms of end-of-year standardized test scores (Wiley, Hilton, Ellington, &
Hall, 2012). Open textbooks can result in significant reductions in cost for schools and have
resulted in cost savings for students and institutions in the span of two semesters (Hilton,
Robinson, Wiley, & Ackerman, 2014). Given these apparent benefits of OER in science
classrooms, many states and school districts have tried to develop and implement their own open
textbooks.
Current Textbook Options for Idaho Teachers
During the summers of 2015 and 2016, the Doceo Center at the University of Idaho
hosted an institute funded by the Idaho Department of Education to create open science
textbooks. Thirty-six teachers from across Idaho were invited to the institute, where they created
and edited five open textbooks for science classes in Idaho (Doceo, 2013a). These textbooks
were developed by panels of teachers prior to the adoption of modified NGSS standards by the
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Idaho Department of Education. As a result, individual chapters within the textbook have
varying degrees of alignment to NGSS and/or the previous state core science standards (Cassidy
Hall, personal communication, November 2, 2017).
Idaho teachers also have the same options that teachers in other states have for
purchasing textbooks from companies like Pearson and McGraw Hill. However, the limited
funding of public education in Idaho may keep some districts from sustainably brining
professionally published textbooks into their classrooms.
Standards v. Curriculum
The meanings of the words “standards” and “curriculum” are often conflated in everyday
discussion among educators and the general public. Even within fields of educational research,
the precise definitions of these words are not fully agreed upon (Willes, 2008). Within the scope
of this project, the word “curriculum” should be viewed as something that includes the entirety
of a student’s learning experience. Learning standards are considered to be a set of descriptions
that represent what is to be learned.
Education Standards
A standard in education refers to an expectation of student performance. Education
standards vary depending on state and the choice of districts. Sometimes a state will adopt
specific performance standards for one subject but leave the choice of selecting standards for
other subject areas up to districts, schools, or individual teachers. Standards like the ISTE (2017)
standards for technology education, the Next Generation Science Standards (2013a), and the
SHAPE America (2013) physical education standards are produced by professional organizations
or collectives of professional organizations. Other standards like the Common Core State
Standards (National Governors Association, 2010a) are written by a collective of professionals
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cooperating with government entities. Other standards like those used by the Department of
Defense Education Activity (DoDEA, n.d.) are written directly by the federal government.
Common Core State Standards
Of all education standards ever used in the United States, perhaps none have been
discussed as thoroughly or with as much passion as the Common Core State Standards (CCSS).
The CCSS were developed by a coalition of governors and state commissioners of education
from 48 states, two territories, and the District of Columbia. This coalition first convened in
April of 2009 and produced a final draft of the CCSS in June of 2010. Forty-two states have
adopted the Common Core State Standards in one form or another, often modified into a State
Common Core in order to meet local needs (National Governors Association, 2010b). The CCSS
address learning domains in language arts and mathematics.
Common Core State Standards: Language Arts
The Common Core State Standards in language arts are divided into two types. One type
is specific to grade level; the standards increase in sophistication as grade level increases. For
example, when reading literature, a third grader should be able to ask and answer questions to
demonstrate the meaning of a text. By the time that same student reaches the eighth grade, the
student should be able to cite the textual evidence that most strongly supports an analysis of the
text.
The other type of standards are called Anchor Standards and consist of skills that all
students should be able to perform. These include the College and Career Readiness Standards
for Reading, Writing, Language, Speaking, Listening. These standards for reading, writing,
language, speaking, and listening were unique relative to individual state standards at the time
because they included standards for speaking and listening that were largely absent from other
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standards (Rothman, 2011). These College and Career Readiness Standards include requirements
like, “Analyze how and why individuals, events, or ideas develop and interact over the course of
a text” and “Evaluate a speaker's point of view, reasoning, and use of evidence and rhetoric”

(National Governors Center, 2010a).
Another significant difference between the CCSS for language arts and previous state
standards is that the CCSS includes standards for literacy in social studies, science, and
technical subjects (National Governors Center, 2010a). These crosscutting reading skills
were included in the standards because research clearly showed that literacy requirements in
each domain are unique and a student will almost always struggle in a domain in which they
are unable to read and comprehend a text (Rothman, 2011). A report from the Carnegie
Corporation of New York summarized this problem as follows,
Texts read in history class are different from those read in biology, which in turn are
substantially different from novels, poems, or essays read in English language arts
(ELA). As a result, reading comprehension and writing demands differ across content
areas including ELA. (Carnegie Council, 2010)
Idaho uses a slightly modified version of the Common Core State Standards for
language arts (Idaho State Department of Education, 2017).
Common Core State Standards: Mathematics
The Common Core State Standards in mathematics are divided into two main groups: the
Standards for Mathematical Practice and the other grade level standards. The Standards for
Mathematical Practice include eight practices:
1. Make sense of problems and persevere in solving them
2. Reason abstractly and quantitatively
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3. Construct viable arguments and critique the reasoning of others
4. Model with mathematics
5. Use appropriate tools strategically
6. Attend to precision
7. Look for and make use of structure
8. Look for and express regularity in repeated reasoning
Each of these practice standards begins with the phrase, “Mathematically proficient
students…” and is completed with a description of behavior. For example, the first Standard for
Mathematical Practice includes the phrase, “Mathematically proficient students start by
explaining to themselves the meaning of a problem and looking for entry points to its solution.”
The practice standards include skills that authors of the CCSS believe all students of mathematic
should have to be proficient (National Governors Center, 2010a). Idaho also uses a slightly

modified version of the CCSS for mathematics (Idaho State Department of Education, 2017).
Controversy Surrounding the Common Core State Standards
Although a coalition of state officials developed the Common Core State Standards at the
state level, some educational activists consider them to represent a federal takeover of public
education. As Rothman (2011) points out, this is partly due to the endorsement of President
Barack Obama, who went so far as to suggest proposing tying adoption of the Common Core
State Standards to reception of Title I funds. This suggestion by the president was like a wildfire
to the then-emerging Tea Party movement, who tied the new standards to what would become
the Affordable Care Act. Tea Party members saw both of these as unacceptable federal overreach
into domains that they did not believe the federal government belonged.
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Opposition to the Common Core State Standards continues today among some political
conservatives, where the dismantling of the CCSS is still a rallying cry (US Department of
Education, 2018; Turner, 2016).
Issues Surrounding Alignment and the Common Core State Standards
To align an educational system with the Common Core State Standards, the assessments
given in classrooms need to match the expectations of the standards. This means that the
assessments should be written to measure whether the students achieve the outcomes of the
standards. Alignment also requires that the curriculum used in the classroom matches standards.
This may be difficult if stakeholders do not provide teachers access to appropriate supporting
curriculum. The issue of alignment is further complicated because educational stakeholders
historically misunderstand state standards and implement them in ways that were not intended
(Spillane, 2005).
Another requirement for aligning curriculum to the Common Core State Standards is
establishing literacy in social studies, science, and technical subjects. This necessitates
integrating themes from those subject areas into English language arts classes in ways that
teachers might not otherwise do. Thus, a curriculum for English language arts that is aligned
with the Common Core State Standards will include instruction that crosses over into other
subject areas. This crosscutting property of the Common Core State Standards helped to inform
the later development of the Next Generation Science Standards.
The Next Generation Science Standards
A coordinated effort of 26 lead state partners, as well as the National Research Council,
the National Science Teachers Association, and the American Association for the Advancement
of Science, developed the Next Generation Science Standards. They were developed from the
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summer of 2011 to April 2013 to address changing educational paradigms and aging science
standards (NGSS, 2013a). NGSS standards include four main components: performance
expectations, science and engineering practices, disciplinary core ideas, and crosscutting
concepts. These four components are organized into tables like the one shown in Figure 2.
Performance Expectations
The NGSS are sorted according to performance standards. Each performance expectation begins
with the phrase, “Student who demonstrate understanding can…” and is completed with an
expectation. For example, the middle school physical science standards include one that reads,
“Students who demonstrate understanding can gather and make sense of information to describe
that synthetic materials come from natural resources and impact society” (NGSS, 2013b). The
performance expectation also includes clarifying statements, examples, and assessment
boundaries. It is the performance expectations that are compared to the assessments when
following the models of alignment that are discussed later. In this sense, the performance
expectations are the standards, while the Science and Engineering Practices, Disciplinary Core
Ideas, and Crosscutting Concepts make up the framework that is NGSS.
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Figure 2. The visual representation of a NGSS Performance Expectation with its corresponding
Science and Engineering Practices, Disciplinary Core Ideas, Crosscutting Concepts, and other
connections.
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Science and Engineering Practices
The NGSS framework identifies eight specific practices (SEPs) used in science and
engineering and includes specifications that the performance expectation must combine with the
science and engineering practices. This is the way that NGSS most significantly varies from
other content standards. Assessments in NGSS cannot be in alignment with the science and
engineering practices unless they require students to engage in those practices. The science and
engineering practices include:
1. Asking questions (for science) and defining problems (for engineering)
2. Developing and using models
3. Planning and carrying out investigations
4. Analyzing and interpreting data
5. Using mathematics and computational thinking
6. Constructing explanations (for science) and designing solutions (for engineering)
7. Engaging in argument from evidence
8. Obtaining, evaluating, and communicating information
The science and engineering practices also include clarifying statements that increase in
complexity with grade level. For example, practice (listed above) includes the following
clarifying statement for middle school physical science: “Evaluate limitations of a model for a
proposed object or tool.” The same science and engineering practice clarifying statement at the
high school level reads, “Evaluate merits and limitations of two different models of the same
proposed tool, process, mechanism, or system in order to select or revise a model that best fits
the evidence or design criteria” (NGSS Appendix F, 2013).
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The science and engineering practices represent things that students are expected to do
and not curriculum or teaching methods. Additionally, each performance expectation should be
approached in conjunction with one or more of the science and engineering practices (NRC,
2012).
Disciplinary Core Ideas
The disciplinary core ideas (DCIs) map conceptual learning as a developmental
progression. The DCIs are divided into grade-appropriate bands (e.g., structure of matter,
reactions, types of reactions) that are chained together to include an appropriate level of
understanding for someone who has completed a K-12 education. The individual DCIs within a
band often overlap with each other as well as with other bands (NGSS Appendix E, 2013). Each
DCI includes a title and a corresponding clarifying statement that increases in sophistication with
grade level. For example, one of the DCIs that corresponds to the performance expectation cited
above reads, “Structure and Properties of Matter: Each pure substance has characteristic physical
and chemical properties (for any bulk quantity under given conditions) that can be used to
identify it” (NGSS, 2013b).
Crosscutting Concepts
The NGSS framework classifies crosscutting concepts as “concepts that bridge
disciplinary boundaries, uniting core ideas throughout the fields of science and engineering”
(NGSS Appendix G, 2013). In this way, the Crosscutting Concepts mirror the College and
Career Readiness Anchor Standards from the Common Core State Standards in English
Language Arts. The NGSS crosscutting concepts include:
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1. Patterns
2. Cause and effect
3. Scale, proportion, and quantity
4. Systems and system models
5. Energy and matter
6. Structure and function
7. Stability and change
The crosscutting concepts are meant to increase in complexity and sophistication as
students progress through grade levels. The concepts should also be frequently addressed during
instruction so that students retain a sense of familiarity with the crosscutting concepts. The
clarifying statement associated with Crosscutting Concept 3 (Scale, proportion, and quantity) in
grades 6-8 reads:
In grades 6-8, students observe time, space, and energy phenomena at various scales
using models to study systems that are too large or too small. They understand
phenomena observed at one scale may not be observable at another scale, and the
function of natural and designed systems may change with scale. They use proportional
relationships (e.g., speed as the ratio of distance traveled to time taken) to gather
information about the magnitude of properties and processes. They represent scientific
relationships through the use of algebraic expressions and equations. (NGSS Appendix
G, 2013)
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Alignment Models
Methods for aligning curriculum are not abundant. Two simple alignment models are
prevalent in the literature, including the Webb (2002) alignment process and the Survey of
Enacted Curriculum (SEC).
In the Webb model, evaluators cross reference standards and assessments based on four
criteria. The criteria are listed and described in Table 2. Webb Alignment Model Criteria.
Alignment in the Webb model is determined based on how evaluators code each of these criteria.
Because each of the criteria requires an assessment to be coded, the Webb model is not adequate
for this project. There are no assessments with which to compare the curriculum.
Table 2. Webb Alignment Model Criteria
Criteria

Description

Categorical Concurrence

Do the assessments address all standards?
Addressing a standard is defined as at least six
assessment items per standard.

Depth of Knowledge Consistency

Do the cognitive demands of the assessment
match the cognitive expectations of the
standards?

Range of Knowledge Correspondence

Does the range of knowledge required by the
assessment match the range of knowledge
expectations of the standards?

Balance of Representation

Does each objective receive balanced
attention and expectations in the assessment?

The SEC as developed by Porter (2002) is a process in which reviewers rank curricular
elements such as standards, objectives, assessments, and instruction based on the time spent on
that element and the cognitive demand that the curriculum requires of students. The SEC
produces alignment data on a larger scale than can be produced with interviews alone, allowing
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teachers, administrators, policy makers, and other stakeholders to make informed decisions in
their respective responsibilities.
Much like the Webb model, the SEC depends on curricular elements that are not present
in this textbook (objectives, assessments, and instruction). Because of this, the SEC is not an
appropriate tool for conducting the evaluation needed by this project.
Table 3. The Survey of Enacted Curriculum Alignment Criteria

Alignment Practices of Textbook Companies
Major textbook companies do not publish in a way that makes it easy to determine which
of these methods (if either) they use to align their textbooks. However, Pearson has published at
least one document delineating its definitions of vertical and horizontal alignment (Case and
Zucher, 2005). As illustrated in Figure 3, it considers horizontal alignment to be the alignment of
content standards and assessment systems. Horizontal alignment as used by Pearson is
reasonably similar to the degree of alignment determined by the Webb alignment process, in
which standards are compared to assessments. Vertical alignment as used by Pearson is more

ALIGNING OPEN SCIENCE TEXTBOOKS TO THE NEXT GENERATION

31

similar to the SEC in that it addresses classroom instruction. The SEC also addresses the
assessment elements of horizontal alignment. For traditional content standards (i.e., students will
be able to…) textbook alignment is mostly limited to horizontal alignment, since vertical
alignment requires a greater degree of alignment than can be achieved through a textbook alone.
However, claims by textbook publishers that the text is “aligned” to a curriculum may not
always be meaningful. Polikoff (2015) found in a survey of middle school math textbooks from
four major publishers that an average of 15 to 20% of the books’ content fell outside of the
curriculum. Additionally, an average of 10 to 15% of the curricular standards were not addressed
in the textbooks. Despite the discrepancies in the standards that were and were not included in
the textbooks, each textbook was described as “Common Core Aligned” by the publishers. As a
result of these findings, readers are forced to view claims of alignment by publishers with
substantial skepticism.
Textbook Companies and NGSS Alignment
Since the Next Generation Science Standards do not lend themselves to the alignment of
standalone textbooks, companies like Pearson and McGraw Hill choose not to advertise their
textbooks as “NGSS Aligned.” Instead, Pearson (2018) claims that its activities “support” NGSS.
McGraw Hill and Pearson both provide documents that show “correlations” between their
content, NGSS performance standards, and DCIs (McGraw Hill 2013; Pearson, 2011). These
correlation documents do not constitute horizontal or vertical alignment because they do not
correlate assessment to the standards; rather, they correlate NGSS elements to pages and
activities in their corresponding textbooks.
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Figure 3. Horizontal and Vertical Alignment
The correlation document from Pearson outlines NGSS by performance expectation and
then identifies correlations from the student edition (SE), teacher edition (TE), and Teacher Lab
Resource (TLR) that support the performance expectation. These correlations are subcategorized by whether the authors believed they best supported the Science and Engineering
Practices, Disciplinary Core Ideas, or Crosscutting Concepts (see Figure 4). Sometimes the
correlations are assigned to multiple domains. This document has a strong visual similarity to the
NGSS topical arrangement document (Figure 2), which could result in a document that is easier
to read for teachers, but also might result in a document that is more difficult to read if teachers
do not adequately understand NGSS.
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Figure 4. A correlation document on NGSS alignment from Pearson.
The correlation document from McGraw Hill outlines the NGSS by lessons in McGraw
Hill textbooks. Lessons are correlated only to performance expectations and disciplinary core
ideas (see Figure 5). The correlations are identified from the student edition of the textbook, as
well as the teacher edition .
The differences in these correlation documents give rise to the question of which is more
appropriate for this project. The Pearson method appears to be more complete, while the
McGraw Hill method appears to be of more utility. However, there is little reason that a single
document could not include the information from both the Pearson method and the McGraw Hill
method.
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Figure 5. A correlation document on NGSS alignment from McGraw Hill.
The literature surrounding curriculum, standards, adoption, and alignment is substantial.
Education standards focus on what a student should know or be able to do. Curriculum describes
the student’s entire experience in the educational process. The Common Core State Standards
and the Next Generation Science Standards focus primarily on standards and are written such
that curriculum is too broad a description for those standards. Both the CCSS and the NGSS
include crosscutting elements that require students to apply the knowledge from their respective
courses to other subject areas.
Alignment can be described as an alignment of assessment and standards (horizontal) or
as an alignment of policy, instruction, and achievement (vertical). Since a textbook cannot
directly affect educational policy, textbook alignment must be limited to horizontal alignment.
However, claims of alignment by textbook companies should historically be viewed with
skepticism. Textbook companies typically choose to correlate the NGSS to content of their
textbooks rather than attempt to align their textbooks to NGSS.
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Method
This project evaluated the degree to which Physical Science 2.0 (an open science
textbook from the Doceo Center, University of Idaho) is in alignment with the Next Generation
Science Standards. This section will include a description of the instruments used, the process
that determined alignment, and the process that determined reliability of the instrument.
This evaluation was done using the NGSS framework and an alignment tool developed
for this project. The alignment tool was validated and its reliability was tested using appropriate
methods.
Instrument
The instruments used in this project were the NGSS Topic Arrangements, the NGSS
Appendices, and the Tagging Document. A description of this instrument is included below.
Tagging Document
The tagging document acted mostly as a job aid to help assemble the tagging information
into one place. It includes a place to write the section being tagged, the date, and a series of 46
checkboxes for each element of the NGSS framework. The bottom third of the page is blank for
writing other notes. The tagging document was printed on canary paper and a copy was inserted
at the start of each section. A copy of the tagging document is included below in Figure 6. The
tagging document.as well as in Appendix C: Instruments.
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Tagging Process
In using the tagging document, I conducted a close reading of each section prior to
comparing the text to the NGSS framework. This reading was conducted using a printed version
(on white paper) of the textbook housed in a 4-inch binder while following along in a digital
PDF version. During this close reading, I checked each URL to ensure functionality, identified
aspects of the text that limited reader accessibility, and watched for other aspects of the text that
were problematic. Each of these issues was hand written in the textbook next to the
corresponding offense and in the blank space at the bottom of the tagging document.
After the close reading of a section, I cross-checked the section against the clarifying
statements of individual Performance Expectations, Science and Engineering Practices,
Disciplinary Core Ideas, and Crosscutting Concepts. If the content of the section did what the
NGSS framework elements asks of students or asks student to do, then the title of the standard
was written next to the supporting content in the text along with the word(s) or phrase(s) from
the standards that are supported by the text. For example, the first page of section 3.1 includes a
handwritten note that reads, “DCI PS1.A: Matter of atoms→ temperature & heat,” which is a
reference to Disciplinary Core Idea PS1.A. The same information was written on the tagging
document and the box for that standard was checked as “yes.” The scanned and annotated
textbook is available in Appendix D.
When decisions about tagging individual elements were difficult to make, I added notes
to the bottom of the page to describe the struggle and why the final decision was made.
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Changes in Process
The threat of unintentional changes in the tagging process was identified very early in the
project. To help mitigate what I call “criteria creep” (changes in the criteria that determine
whether a tag is given) I retagged six sections (2.2, 7.1, 10.1, 12.2, 16.1, and 19.1) at least 24
hours after the initial tagging. In each case I followed the same procedure as the initial tagging
except that I did not make note of editing issues. The second tagging used a tagging document
printed on salmon paper and a printed section of the textbook printed on gray paper. The intent
of this retagging process was to compare the initial tagging to the retagged sections and
determine their level of agreement. If both sets of tags were sufficiently similar, then it would be
reasonable to say that the tagging process had not been negatively impacted by criteria creep.
The results of this retagging process are discussed in the data analysis section below.
Some changes in the tagging process were made deliberately, for example. the tagging
process changed significantly early on when tagging section 2.2. When tagging this section, it
became apparent that a decision needed to be made as to whether to tag an item that supports an
activity that supports the standards. For example, the book might discuss heat transfer and
students might proceed to design a system to minimize heat transfer, which would directly
support MS-PS3-3, which requires that students “design, construct, and test a device that either
minimizes or maximizes thermal energy transfer.”
Because trying to determine how a teacher might use the textbook is so difficult, I
decided to identify only standards that the book does or asks students to do. This distinction
between what the book does and how the book might be used had not been made before this
point. A review of the four sections that had already been tagged showed that adopting this
definition after the tagging process had been started did not result in any inconsistencies.
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The other notable but minor change in the tagging process had to do with page numbers
listed on the tagging sheet. When I began the tagging process, I indicated the page number(s) that
contained the supporting text next to the appropriate standard on the tagging document. As time
went on, I noticed that the page range usually included the entire section being tagged. Since
such a page range provided no real information, I decided to stop tracking the page numbers.
The tagging process resulted in substantial fatigue as I moved through the textbook. After
several hours of work, I found myself unable to accurately read and tag a section. I offset this
fatigue by taking frequent breaks. I also briefly reviewed the previous day’s work each morning
as I continued the tagging process to determine whether any obvious problems occurred during
the previous day.
External tagging
Tagging was also conducted by some other individuals as part of an evaluative effort to
ensure the reliability of the tagging process. More information on the evaluative nature of the
external taggers is included in the Data Analysis section.
The external taggers included seven undergraduate students (sophomores) who were
majoring in science teaching and had completed one semester of major coursework, two
undergraduate students (seniors) who were majoring in science teaching and were classified as
student teachers, and one university faculty member in science teaching. The sophomore students
received about 10 minutes of training on the project background, the NGSS, and the tagging
process. They were each given a document that included a one-page overview of the tagging
process, an example of a completed tagging document, a copy of a textbook page that had been
tagged, a copy of the tagging document printed on lavender paper, and a copy of their assigned
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section of the textbook printed on pink paper. The sophomores completed the tagging exercise as
part of an hour-long in-class experience.
The undergraduate seniors received a recruiting email describing background and context
of the tagging project as well as the imminent shift to NGSS style standards for high school
students in Utah (NCSE, 2018). Nineteen students were contacted about tagging and were
offered lunch in exchange for their participation on the day after they finished student teaching.
Two students responded and kept appointments to participate. They were given one-on-one
training for about five minutes before tagging. They were each given a document that included a
one-page overview of the tagging process, an example of a completed tagging document, a copy
of a textbook page that had been tagged, a copy of the tagging document printed on green paper,
and a copy of their assigned section of the textbook printed on canary paper. The two seniors
participated in separate sessions of about 45 minutes each.
The university faculty member was present during the training that the undergraduate
sophomores received; however, the faculty member did not complete the tagging process until
approximately two weeks later. Just before the faculty member completed the tagging process, I
provided five minutes of one-on-one training. The faculty member was given a document that
included a one-page overview of the tagging process, an example of a completed tagging
document, a copy of a textbook page that had been tagged, a copy of the tagging document
printed on goldenrod paper, and a copy of their assigned section of the textbook printed on gray
paper. The faculty member completed the tagging process at some time during a two-day period
when I was not present.
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Data Analysis
The validity and reliability of the tagging document depend on a tagger’s understanding
of the NGSS framework. The tagging document itself is little more than a reorganized list of the
standards. If a tagger understands the NGSS framework, then the tagger should be able to
accurately identify the framework in a textbook. Since I have spent over 100 hours working with
the NGSS framework, I think it is reasonable to conclude that my understanding of the
framework contributes to the validity of the instrument sufficiently enough to use this
instrument.
Internal Reliability
The reliability of the tagging document depends partly on how focused and deliberate a
tagger is while working. I caught myself getting too casual in my reading of the text on multiple
occasions and had to return to a previously read section to reread or retag one or more
paragraphs.
The reliability of the tagging document should also be discussed quantitatively. While
completing the tagging process, I returned to retag six sections (sections 2.2, 7.1, 10.1, 12.2,
16.1, and 19.1). These sections were chosen because they represented general shifts in theme in
the textbook. Retagging was always done at least 24 hours after the first tagging took place. The
retagging process included a full rereading of the section and a full retagging. After retagging,
the results were coded such that a “yes” was indicated by a value of one and the “no” was
indicated by a zero.
The data from first reviews and second reviews were compared using an intraclass
correlation (ICC) calculated using R (R Core Team, 2018). An intraclass correlation is
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considered an appropriate way to determine repeatability and consistency between raters when
the data is quantitative and divided into groups (Wolak, Fairbairn, & Paulsen, 2012). An
appropriate interpretation of ICC values is shown in

Table 4 (Cicchetti, 1994). The ICC data from sections that were retagged is shown in
Table 5.

Table 4. Interpretation of Intraclass Correlation Values
Intraclass Correlation

Interpretation

Less than 0.4

Poor

0.4-0.59

Fair

0.6-0.74

Good

0.75-1.00

Excellent

Table 5. Intraclass Correlations of Retagged Sections
Section

Number of Items

ICC

2.2

46

0.912

7.1

46

0.874

10.1

46

1.000

12.2

46

1.000

16.1

46

1.000

19.1

46

0.798

The ICC data from retagging shows excellent internal reliability in the tagging process.
The average ICC value for the six sections was 0.931.
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External Reliability
The reliability of the tagging document was also checked using some external taggers,
including seven undergraduate pre-service science teaching majors who were in the first year of
their studies (these were all sophomores), two undergraduate pre-service science teaching majors
who were classified as student teachers (these were all seniors), and one university adjunct
faculty member in science teaching. These individuals each tagged one section using the same
process that I used for the entire textbook. The university faculty member tagged a whole chapter
(two sections). These external taggers received a brief training on the tagging process, a onepage document of instructions, and an example of a tagged book page and tagging document.
The tagging data from these groups were compared to my initial tagging of the section.
The initial tagging was used because there was so little variance from my first tagging to my
second tagging. I decided to compare the taggers to myself rather than the faculty member for
several reasons. One major reason was practical; the faculty member only tagged two sections.
To compare all taggers to the faculty member, the faculty member would have to tag all the rest
of the sections in question. The second major reason was that the most objective of the NGSS
elements (the Performance Expectations) were tagged identically by me and the faculty member.
Based on this agreement, I argue that my tags and the faculty member’s tags are not significantly
different. The ICC data relative to the sections tagged by these groups and my initial tagging is
included in Table 6.
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Table 6. Intraclass Correlations of External Taggers Relative to Initial Tagging.
Section

Description of Tagger

Number of Items

Intraclass
Correlation

2.2

Undergraduate Sophomore 1

46

0.401

2.2

Undergraduate Sophomore 2

46

0.829

7.1

Undergraduate Sophomore 3

46

0.510

10.1

Undergraduate Sophomore 4

46

0.733

10.1

Undergraduate Sophomore 5

46

0.733

12.2

Undergraduate Sophomore 6

46

0.554

19.1

Undergraduate Sophomore 7

46

0.602

7.1

Undergraduate Senior 1

46

0.870

12.2

Undergraduate Senior 2

46

0.177

12.1

University Faculty

46

0.669

12.2

University Faculty

46

0.702

The average ICC value for the undergraduate sophomores was 0.623 (SD=0.113). The
average ICC value for the Undergraduate Seniors was 0.524 (SD=0.347). The average ICC value
for the university faculty member was 0.686 (SD=0.017). While these ICC data come from a
limited data set, they do suggest several things regarding the external reliability of the tagging
document as an instrument. First (and perhaps most importantly) is that academic maturity alone
is not sufficient to result in reliable tagging. Second is that even taggers who are less
academically mature can produce reliable data using the tagging document. This is illustrated by
the fact that two of the taggers had “excellent” agreement and five taggers had “good” agreement
(including the faculty member who had “good” agreement twice). This is likely due to their
degree of deliberateness and/or helpful background knowledge that they brought into the tagging
process. Both circumstances could be helped through adequate training.
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Another important implication of the correlation data comes from other fact that when
only the Performance Expectations (the content standards) are analyzed, the average ICCs of the
undergrads drops to 0.408 (SD=0.518), which is defined as fair but is borderline poor. However,
when only the performance expectations from the faculty member are compared to my own
performance expectation tags, they have an ICC of 1.000, or perfect agreement. Because of this
agreement and the fact that the assessment in NGSS is based on the Performance Expectations, I
argue that it is irrelevant whether undergrads were compared to my tags or the faculty’s tags.
Because the faculty member only tagged two sections, it was easier to compare the undergrad
tags to my own tags.
Findings
The tagging process found that the textbook was generally aligned with the Next
Generation Science Standards to the extent that a textbook can be aligned to NGSS. Some of the
NGSS standards cannot be achieved by a textbook. This section includes a list of all the
standards identified in the textbook and the number of times that standard was identified. It will
also establish a rationale for whether the frequency of a standard use is sufficient to call the
textbook “aligned” and discuss standards that are under supported or over supported.
Frequency of Standards
The tagging documents from the first review were collected and the data were aggregated
into a single list. The frequency of which each standard identified in the textbook are shown
below in Table 7.
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Table 7. The Number of Occurrences for Each NGSS Framework Element in the Textbook
Standard

Number of Occurrences

Performance Expectations
MS-PS1-1

3

MS-PS1-3

1

MS-PS1-4

3

MS-PS1-2

2

MS-PS1-5

2

MS-PS1-6*

0

MS-PS2-1*

0

MS-PS2-2*

0

MS-PS2-3

3

MS-PS2-4

1

MS-PS2-5*

0

MS-PS3-1

1

MS-PS3-2

1

MS-PS3-3*

1

MS-PS3-4*

0

MS-PS3-5

1

46
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MS-PS4-1

2

MS-PS4-2

10

MS-PS4-3

2

Science and Engineering Practices
1 Asking Questions and Defining Problems

4

2 Developing and Using Models

44

3 Planning and Carrying Out Investigations

2

4 Analyzing and Interpreting Data

7

5 Using Mathematics and Computational Thinking

9

6 Constructing Explanations and Designing Solutions*

0

7 Engaging in Argument from Evidence*

0

8 Obtaining, Evaluating, and Communicating
Information

1

Disciplinary Core Ideas
PS1.A, Structure of Matter

13

PS1.B, Chemical Reactions

5

PS2.A, Forces and Motion

2

PS2.B, Types of Interactions

5

PS2.C, Stability and Instability in Physical Systems

0

PS3.A, Definitions of Energy

11

47
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PS3.B, Conservation of Energy and Energy Transfer

11

PS3.C, Relationship Between Energy and Forces

0

PS3. D, Energy in Chemical Processes and Everyday
Life

2

PS4. A, Wave Properties

7

PS4.B, Electromagnetic Radiation

4

PS4.C, Information Technologies and Instrumentation

2

48

Crosscutting Concepts
1 Patterns

9

2 Cause and Effect

3

3 Scale, Proportionality, and Quantity

15

4 Systems and System Models

12

5 Energy and Matter: Flows, Cycles, and Conservation

13

Concept 6 Structure and Function

14

Concept 7 Stability and Change

0

* NGSS framework elements marked with asterisks require students to design, construct, and/or
test something as part of the standard.
Defining Sufficient Support
All aspects of the NGSS ask students to do things. Sometimes students are asked to
exercise soft skills by developing models, using mathematical thinking, and identifying
relationships. Sometimes students are asked to exercise hard skills by designing, constructing,
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and testing objects or procedures. These standards include at least MS-PS1-6, MS-PS2-1, MSPS2-2, MS-PS2-5, MS-PS3-3, MS-PS3-4, SEP 6, and SEP 7. Those standards that ask students
to design a thing cannot be achieved by a textbook. The textbook not achieving standards that
emphasize design does not mean that the textbook is not aligned with NGSS. The responsibility
to achieve these standards lies with the teacher and with students, not with the textbook.
If the framework elements that require students to design something are ignored, then
most of the remaining elements are tagged at least once in the textbook (most of the performance
expectations are tagged only once). Since teachers are free to spend as much or little time on
individual sections of the book (within district regulations), a single section devoted to a standard
is probably sufficient. However, interpretations of alignment may vary based on individual
standards, and some educators may not consider a single instance of support to be sufficient
evidence that the textbook is aligned to that standard.
In keeping with the philosophy to not tag design-based standards, it is infeasible to
accurately predict what activities teachers will administer based on the text, so these items
should not be tagged as “yes” even if taggers can imagine a scenario in which teachers might be
inspired to do something based on the contents of the textbook. Additionally, secondary science
teachers tend to reject text-heavy reading-based learning in their classrooms (Yore, 1991), which
suggests it is probably not necessary to have extensive support for every standard in the
textbook.
Under-Supported and Unsupported Standards
Only three elements that do not explicitly require design are never tagged in the book:
PS2.C, Stability and Instability in Physical Systems (which is not included in grades 6-8 physical
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science); PS3.C, Relationship Between Energy and Forces; and CCC 7, Stability and Change.
The first standard (PS2.C) does not apply to physical science as described in NGSS Appendix E;
instead of clarifying statements the framework has “N/A” listed for this element in the Physical
Science strand.
Crosscutting Concept 7, Stability and Change, has a remarkable resemblance to PS2.C
and focuses on gradual changes and balance in systems (ecology). The similarity to PS2.C and
the focus on balanced systems are clear indicators that a middle school textbook on physical
science would be unlikely to support CCC 7. This may change at higher grade levels, especially
in chemistry, where equilibrium is an important part of the subject matter.
The Disciplinary Core Idea PS3.C focuses on interacting objects and energy transfer.
This concept was not substantially supported in the text and could easily be integrated into at
least six chapters from the textbook (chapters 4, 5, 8, 9, 10, 11, and 12). If the standards that are
impossible for a textbook to achieve are ignored, then only these three standards are not
supported by the textbook. This represents about 7% of the total NGSS framework, which is less
than the average number of unsupported standards that Polikoff (2015) found when surveying
textbooks.
The textbook generally supports the NGSS. However, certain elements of the framework
cannot be supported by a textbook and require classroom support to achieve. Any discussion that
adequately meets a standard appropriate to the grade level in question should be considered
sufficient evidence that the standard is supported.
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Discussion
Various problems and issues were encountered when completing this project. They
included the difficulty of achieving certain NGSS standards with a textbook, subjectivity in
tagging, and difficulty in identifying evaluators. The text itself also had issues, including
accessibility issues, factual errors, and various editing problems. Recommendations are made for
overcoming these issues as well as overcoming the limitations for practice that are associated
with this project.
NGSS and Alignment Levels
As previously discussed, some elements of NGSS require students to act in order to be
achieved. A standard such as MS-PS3-3that reads, “Students who demonstrate understanding can
design, construct, and test a device that either minimizes or maximizes thermal energy transfer”
can never be met by a textbook. Likewise, the Science and Engineering Practices represent “what
students are expected to do, and are not teaching methods or curriculum” (NGSS Appendix F,
2013).
In addition to the nature of student “doing” that is integrated into the SEPs, each
Performance Expectation should be approached through the Science and Engineering Practices
since, according to the NGSS framework, students cannot fully understand without engaging in
the practices of science and engineering (NRC, 2012). The “doing” nature of the SEPs and the
dependence of the Performance Expectations on the SEPs was not something I came to
understand until very late in the tagging process. One significant outcome of this discovery is
that it may have been a stretch to say “yes” to any of the SEPs and consequently a stretch to say
“yes” to any of the Performance Expectations.
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This interdependence of SEPs, Performance Expectations, and doing on the part of the
students raises the question of whether any textbook can achieve any of the SEPs and therefore
any of the Performance Expectations. Perhaps this is what Rebecca Vieyra, K-12 program
manager for the American Association of Physics Teachers, meant when she said, “I don’t think
you can align a text to NGSS.”
This alignment struggle (or more likely impossibility) fits well with the model of
alignment discussed earlier. A textbook should exist before assessment (horizontal alignment) or
other classroom instruction (vertical alignment). The issue, however, is that the NGSS
framework has elements like the performance expectations that are designed for assessment
(horizontal alignment) and elements like the SEPs and CCCs that are designed to be met with
classroom instruction (vertical alignment). The presence of instructional material that supports
curriculum is more foundational than horizontal or vertical alignment, but a textbook will likely
never contain enough information to truly be aligned to the Next Generation Science Standards.
Since meeting NGSS standards is dependent on what students do, the burden of achieving the
standards falls on teachers who select classroom activities.
Subjectivity of Tagging
The Performance Expectations are well defined and well constrained, meaning that
whether an activity supports a Performance Expectation is quite objective. However, some of the
other standards are much more subjective, especially the SEPs and the CCCs. Several examples
of subjectivity that I encountered as well as the rationale used in the final decision are described
below. These notes are written verbatim from my contemporaneous journaling that I kept during
the tagging process.
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● Section 4.1, Characteristics of Waves: I almost marked SEP 1 “yes” because of question
six on page 85. It asks students to sketch and label a wave, which could be “clarifying a
model.” However, the same image exists on page 81, which makes this question recall at
best (marked “no”).
● Section 5.2, Hearing Sound: I almost said “yes” to DCI PS4.A but decided not to because
the text only describes the actual mechanics of hearing and does not establish a model.
However, some might argue that the descriptions are a model (marked “no”).
● Section 6.1, The Light we See: A short section on page 127 almost supports DCI PS4.A,
but I think it is too limited to really support it without help from other sections (marked
“no”).
● Section 8.1, What is a Force?: DCIs PS2.A and PS2.B are addressed on page 173-175,
but only at a grade 3-5 level (marked “no”).
● Section 9.3, Acceleration: I had to come back to add SEP 2 because I had forgotten to
consider mathematical representations as models (marked “yes”).
● Section 14.1, How Elements are Organized: The models described in this chapter do not
seem to match the description of models in [NGSS] Appendix G. Otherwise I would have
said “yes” to CCC 4 based on intuition (marked “no”).
These examples are not exhaustive. The remaining instances of times where I described
subjective tagging are included in Appendix D.
Other taggers who evaluate other textbooks are likely to experience this subjectivity in
the tagging process. This means that practitioners need to acknowledge their biases and be
cognizant of times when the identification of standards is subjective so that they can document
and defend the reasons they make decisions.
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Other Tagging Choices
Two other choices had to be made when determining whether specific standards should
be tagged. These choices related to DCI PS2.A-B and SEP 2. The Disciplinary Core Ideas PS2.A
and PS2.B relate to definitions of energy and conservation of energy respectively. Unlike most
DCIs, these two share a definition at the 6-8 level. This is visible in Science and Engineering
Practice 2 related to developing and using models. The NGSS Appendices state that “models
include diagrams, physical replicas, mathematical representations, analogies, and computer
simulations (NGSS Appendix F, 2013). This broad definition of models means that the textbook
is almost constantly developing models. As a consequence of the early decision to tag items
based on what the textbook does, about ¾ of the sections in textbook were identified as
supporting this standard. However, this broad support of SEP 2 as identified by the tagging
document is not especially meaningful because the SEPs are designed to be about what the
student does and not about the things they may read.

Table 8, which is an excerpt from the Disciplinary Core Ideas document (NGSS Appendix E,
2013).
In the early stages of the tagging process, it was often difficult to determine whether an
item should be tagged for PS3.A or for PS3.B. It was difficult to determine to which DCI the
clarifying statements belonged. To resolve this issue, I chose to apply an “if one then both” rule
to these two DCIs, meaning that both of these DCIs were tagged if any part of the clarifying
statements were supported by the textbook. This resulted in a higher count for PS3.A and PS3.B
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(see Table 7) and made consistency in tagging these two Disciplinary Core Ideas easier.
Science and Engineering Practice 2 related to developing and using models. The NGSS
Appendices state that “models include diagrams, physical replicas, mathematical representations,
analogies, and computer simulations (NGSS Appendix F, 2013). This broad definition of models
means that the textbook is almost constantly developing models. As a consequence of the early
decision to tag items based on what the textbook does, about ¾ of the sections in textbook were
identified as supporting this standard. However, this broad support of SEP 2 as identified by the
tagging document is not especially meaningful because the SEPs are designed to be about what
the student does and not about the things they may read.

Table 8. An excerpt from the Disciplinary Core Ideas Progression.

PS3.A
Definitions
of energy

K-2

3-5

6-8

9-12

N/A

Moving objects
contain energy. The
faster the object
moves, the more
energy it has.
Energy can be
moved from place
to place by moving
objects, or through
sound, light, or

Kinetic energy can
be distinguished
from the various
forms of potential
energy. Energy
changes to and
from each type can
be tracked through
physical or
chemical

The total energy
within a system is
conserved. Energy
transfer within and
between systems
can be described
and predicted in
terms of energy
associated with the
motion or

ALIGNING OPEN SCIENCE TEXTBOOKS TO THE NEXT GENERATION

56

PS3.B
Conservati
on of
energy and
energy
transfer

[Content
found in
PS3.D]

electrical currents.
Energy can be
converted from one
form to another
form

interactions. The
relationship
between the
temperature and the
total energy of a
system depends on
the types, states,
and amounts of
matter.

configuration of
particles (objects). ------------------Systems move
toward stable
states.

PS3.C
Relationshi
p between
energy and
forces

Bigger pushes
and pulls
cause bigger
changes in an
object’s
motion or
shape.

When objects
collide, contact
forces transfer
energy so as to
change the objects’
motions.

When two objects
interact, each one
exerts a force on
the other, and these
forces can transfer
energy between
them.

Fields contain
energy that depends
on the arrangement
of the objects in the
field.

PS3.D
Energy in
chemical
processes
and
everyday
life

Sunlight
warms Earth’s
surface.

Energy can be
“produced,”
“used,” or
“released” by
converting stored
energy. Plants
capture energy
from sunlight,
which can later be
used as fuel or
food.

Sunlight is captured
by plants and used
in a reaction to
produce sugar
molecules, which
can be reversed by
burning those
molecules to
release energy.

Photosynthesis is
the primary
biological means of
capturing radiation
from the sun;
energy cannot be
destroyed, it can be
converted to less
useful forms.

Difficulty of Finding Taggers
Because the tagging process needed to be tested for reliability, I attempted to recruit
science education specialists at multiple levels to tag sections. The reliability was determined by
comparing their tags to my tags. Finding educators who would agree to do this was extremely
difficult. Cassidy Hall (the client) made significant efforts over multiple weeks to recruit a higher
education faculty member and secondary science teacher but was unable to persuade any to
participate in the project. When I attempted to find participants, only one secondary teacher
responded but could not participate in an acceptable time frame for the project and one university
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faculty member was willing to participate. The timeline for the faculty member’s participation
coincided with the end of the term for the student teachers, for whom the faculty member
provided support. This meant that the faculty member had a sudden and dramatic reduction of
responsibility and was able to participate in a way that would have otherwise been very difficult.
When attempting to recruit undergraduate seniors to help evaluate the textbook, I
contacted 24 students who were classified as student teachers in a science teacher preparation
program. Some of these student teachers were finishing their student teaching experience and
others were just starting. Of the 24 student teachers who were contacted, three responded, and
two were able to attend.
The undergraduate sophomores completed the tagging process as part of an in-class
activity. The class in which this happened was a first semester course for a science teacher
preparation program. Their participation was optional, but none of the 11 students opted out of
the tagging process. While these undergraduate sophomores were easier to recruit than other
groups, their tagging data suggests that they were the least reliable taggers of any group.
Two significant lesson are learned from the attempts to gather volunteer evaluators. The
first is that evaluators are difficult to acquire for this type of work. The second lesson is that the
difficulty in acquiring taggers is not limited to any one institution.
Accessibility Issues
One of the general purposes of open educational resources is to increase access to
educators and students. Physical Science 2.0, however, is filled with accessibility issues. For the
purposes of an open textbook in Idaho, standards of accessibility should be made with a printed
version of the textbook in mind. This is because of the low levels of educational spending in
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Idaho, where the state spends only $6,923 per student annually, the second lowest in the nation
(U. S. Department of Commerce, 2017). Schools in Idaho are likely to be less able to afford ereading solutions such as tablets and computers, so the printed textbook must be fully functional.
Links that are critical to the text should be accessible via typical Bring Your Own Device
(BYOD) tools like cell phones and tablets. A list of the accessibility issues that were encountered
when reading the textbook, as well as proposed solutions, are included below.
● Throughout: Most of the URLs provided in the text are included in their full length. An
example of this is the following link from section 2.2: <http://www.explorelearning.com\
index.cfm?method=cResource.dspView&ResourceID=651>. This link is completely
inaccessible to anyone who has to type the whole link into a URL bar. Most of the links in
the textbook should be converted to a shortened URL.
● Throughout: Most of the interactives at the end of each chapter are included as hyperlinks.
These are completely inaccessible in print form and should have the URL added in a short
form.
● Throughout: Many of the calculation-based practice problems listed in the book have no
solution printed in the book. Solutions to these types of problems should be added at the end
of the individual chapters.
● Sections 6.2, 7.2, 14.2, 14.3, 17.1, 17.2, 17.3, 18.2, 18.3, & 20.1: These sections (and perhaps
others) include material that is probably better suited for high school students than for middle
school students. In many cases, the content is explicitly outside the assessment boundaries
for middle school. This is the case in section 7.2, where the textbook compares the
wavelengths of electromagnetic waves to energy, but electromagnetic waves are explicitly
outside the assessment boundaries for MS-PS4-1. These sections should be edited or
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removed to bring the textbook onto grade level.
● Sections 4.3, 5.4, 6.1, 10.2, & 19.2: Several URLs used in the textbook prompt for file
downloads. I do not know if the downloads are meaningful because I did not attempt to
download the files. These files represent a security risk in schools and should be removed or
replaced with other appropriate material.
● Section 8.2: The text points to resources that are only available in the online version of the
textbook by going to the “Resources” tab to download a Word file. In the print version of the
textbook this is very confusing and should be replaced with a short URL and have some
supporting instructional text added to help readers know what this section is supposed to
mean.
● Section 4.3, 9.3: The textbook occasionally points to simulations that use Java or Flash.
These are inaccessible to mobile users and should be replaced with HTML5 resources or a
suitable substitute.
● Section 2.2: This section points to content that sits behind a paywall, which is not useful and
violates the spirit of OER. This item should be replaced or removed.
● Section 14.3: This section contains a video that is recorded at 144p resolution. This video
will look poor on all devices and will be visually unintelligible if viewed on a projector
screen. The video subject is the reaction of water with alkali metals (sodium, potassium, etc.)
and has been the subject of many educational YouTube videos shot in HD that would act as
good substitutes. This video should be replaced with another.
The textbook is generally functional in print form, although the text does rely on a
number of web links that directly support text rather than just enhancing the text. The links
should be changed to make the textbook contents accessible with only a mobile device, which

ALIGNING OPEN SCIENCE TEXTBOOKS TO THE NEXT GENERATION

60

students are more likely to have access to than other types of devices in Idaho classrooms.
Several sections from the textbook should also be brought in line with middle school reading
levels and content expectations.
Factual Errors
The textbook is generally free of factual errors, but one error does stand out as
significant. This error occurs in section 12.2, which is titled Changes in State. In this section, the
book says, “A gas condenses when it is cooled below its boiling point. At what temperature does
water vapor condense?” This statement is factually incomplete at best and at worst, completely
wrong. Dewpoint is defined as the temperature at which a fluid’s saturation vapor pressure is
equal to its actual vapor pressure. When this is the case, further cooling results in condensation
forms in the form of frost or dew. Dewpoint is a function of relative humidity and temperature
that changes logarithmically with relative humidity and linearly with temperature. (NASA,
1977).
If the textbook were correct, then the water vapor in the air surrounding us would have to
be at boiling temperature or above (>= 100 degrees), which would be extremely detrimental to
the reader’s health. Likewise, visible steam may exceed the boiling point of water but remain a
liquid if the ambient pressure is high enough (as in a pressure cooker).
The description of condensation in section 12.2 is made more troubling by a caption next
to an image that describes a cold drink as sweating. This is problematic because it reinforces a
common student misconception that condensation is the result of fluid leaking through a glass
and pooling on the outside and that condensation happens only on surfaces that are cold (Sanger,
Pehlps, & Finhold, 2000; Gopal, Kleinsmidt, Case, & Musonge, 2004; Thompson & Logue,
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2006). Once students establish misconceptions like this one, they are very difficult to overcome
and sometimes persist well into adulthood (Tytler, 2000)
The factual errors described above should be addressed. The false information in the
textbook should be corrected and analogies that are known to contribute to misconceptions
removed. Failure to do so could contribute in long-term damage to the conceptual understanding
of students.
Other Editing Issues
Various other issues were encountered when tagging the textbook. These issues did not
fit well into specific categories but were often things that should have been corrected by an
editor. A list of issues and appropriate recommendations is included below.
● Throughout: Links and URLs that are not functional are abundant in the text. Most of these
links result in an error page from the web browser. Several nonfunctional links point to sites
that are not wanted in the text. A pair of links in section 9.2 point to YouTube videos that
have been removed because the user’s account was suspended due to copyright infringement.
A link in section 11.1 points to a CK12.org edit page that allows readers to edit their own
version of the textbook. A series of links in section 5.1 point to a website dedicated to
Scottish law rather than to instructional material on sound. The broken links in the textbook
should be removed.
● Throughout: Many of the nonfunctional links in the textbook point to content that has moved
locations. This is especially prevalent with the Quest links associated with KQED, which are
scattered throughout the book. When I encountered these nonfunctional, I was usually able to
find the page at a new address within a few minutes. Links that are nonfunctional should be
examined to determine whether the page in question has moved and if feasible, the link
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should be updated.
● Sections 8.3, 13.2, & 15.2: These sections include content that appears to be addressed in
earlier chapters of a previous version of the textbook. For example, section 13.2 begins with
the words, “Rutherford’s model of the atom was better than earlier models.” This is clearly a
reference to Ernest Rutherford, who is not mentioned in any other section of the textbook.
This makes the section confusing. These instances need to be rectified by adding the
supporting content.
● Sections 4.3 & 9.3: These sections include resources that are in the wrong chapter. For
example, section 9.3, titled Acceleration, includes a link to a virtual lab that teaches
conservation of momentum. This resource should be moved to a more appropriate location or
removed.
● Section 2.3: This section references former president Barack Obama as though he is the
current president. The language in this section needs to be updated.
● Section 14.2: This section has a data table that is inconsistent, switching between Fluorine
and Bromine within the table. The uses of Bromine should be switched to Fluorine to match
the video that is linked to from the table.
Limitations
This evaluation has several significant limitations, including that the evaluand considers
only a single textbook from a single provider evaluated using only one set of learning standards.
It is also limited because this was the first time a textbook evaluation has been conducted using
the described process. Each of these limitations, as well as proposals for resolving the
limitations, will be discussed below.
The fact that this evaluation was conducted using a single textbook is a limitation of
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scope. It is possible that this textbook was especially challenging to evaluate or that it was
especially simple to evaluate relative to other textbooks. However, the relative difficulty of this
project as compared to using other textbooks can only be established if the same process is
applied to other books. Until then, little information is known about the relative difficulty of the
process. Likewise, it is difficult to make any assertions of generalizability regarding the process
when the process has been applied to only one textbook.
The limitations that come from using only a single textbook provider (CK12.org) are
similar to the limitations of using only a single textbook. Different textbook providers will
emphasize different subject areas and make more or less of an attempt to ensure standards
alignment. For example, one provider may emphasize math textbooks while placing relatively
little emphasis on social studies. Likewise, a provider might make a great effort to ensure that its
English language arts textbooks are aligned with the Common Core State Standards because
those standards are usually tested at most grade levels during end-of-year testing. That same
provider might make much less of an effort to ensure NGSS alignment if science is not tested
during the end-of-year testing. Until textbooks from multiple providers are evaluated, it will be
difficult to conclude the extent to which providers deliberately wrote for learning standards.
The limitations that come from using a single set of learning standards are especially
visible because of the requirements of the NGSS framework. The NGSS asks students to
participate in a design process to learn science. Therefore, the textbook cannot align with some
of the NGSS framework. This NGSS alignment issue is discussed at length in the section titled
“NGSS and Higher Alignment” under the Discussion heading.
Other learning standards like the Common Core State Standards for ELA and Math also
require students to participate in learning. Students are expected to do things like cite
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information, compare and contrast, and analyze and solve equations. While each of these
requirements includes an aspect of student participation, none of these requirements of the
Common Core State Standards includes design. This is more challenging to accomplish with a
textbook than the others, which might be achieved through examples alone. The extent to which
the use of the NGSS framework influenced the outcomes of this evaluation as compared to other
learning standards is still unclear. Further evaluation is needed to determine if the problems that
were associated with aligning to the NGSS translate to different learning standards, if those
problems resolve, and what new problems arise.
The limitations that arise from the fact that this is the first use of this tagging process are
implied by the improvements in the process as I progressed through the textbook. I increased in
speed and efficiency as time progressed. This means that I was not as efficient at the beginning
of the process as I was at the end of the process, likely because of my much higher relative
familiarity with NGSS framework at the end of the tagging process as compared to the
beginning. Any future attempts to replicate this tagging process would benefit from an evaluator
who has completed this process at least once using the same learning standards that are being
used for the evaluation in question.
Implications for Future Research
Various questions have arisen throughout this evaluation that could be asked as part of
future research agendas. These questions are related to the outcomes and processes this project.
Perhaps the most notable is a question that many young researchers ask: Does this project even
matter? In other words, does an aligned textbook result in a significant difference in student
achievement in science classrooms? Other questions related to the outcomes of an alignment
arise, such as, Does a correlation document change the ways that science teachers teach? What
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other potential alignment outcomes would be more beneficial to teachers and students?
Other research questions that arise from this evaluation relate to the process of NGSS
alignment. How can implementing NGSS in a classroom be best supported beyond the use of a
textbook? What practices for professional development can be implemented to best help
teachers and administrators achieve the NGSS standards in their classrooms? How can the
efficiency of an alignment process be improved? How does arbitration between raters who
disagree impact the reliability of tagging future sections? How does training evaluators by
comparing their results to a text with a known degree of alignment affect the reliability of
tagging future sections?
These questions relating to the outcomes and the process of this project could lead to
many new lines of research and have significant impacts on the OER movement as it relates to
science classrooms.
Implications for Future Evaluators
Based on the outcomes and experiences of this evaluation, there are several key
implications and recommendations for future evaluations of open science textbooks. The first
implication is that training is important for both the primary tagger and the external taggers,who
will help establish reliability. In each case, the taggers need to have a substantial understanding
of NGSS, including how the framework elements fit together. Taggers need to have a clear
understanding of how to make tagging decisions prior to beginning the tagging process. An
important step in establishing this understanding will be to practice tagging some sections and
compare tagging data between raters prior to beginning the entire project. At the start of this
evaluation, this was completed with one chapter. I recommend increasing the number of chapters
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tagged to at least 3 chapters.
Another significant implication for future evaluations comes from the fatigue that I
experienced while completing the tagging process. After several hours of work, I often found
myself unable to accurately read the text and assess whether standards were achieved. To help
mitigate fatigue, I recommend that evaluators spend no more than a few hours each day on
tagging and take frequent breaks while working.
Meta-evaluation
The meta evaluation provides a brief evaluation of the evaluation. It includes a brief
discussion of the technical merits, usefulness, ethical considerations, and strengths and
weaknesses of the evaluation, in addition to the practical use of resources by the evaluation.
The technical merits of an evaluation reference whether the goals and objectives of the
evaluation were clearly identified, whether those goals were met, whether the methods were
clear, and whether recommendations were made for further evaluation. The current evaluation
had the following goals, which were listed in the section titled “Questions and Goals:”
•

Design a process for determining alignment of open science textbooks

•

Evaluate the effectiveness and feasibility of that alignment tool

•

Produce a detailed evaluation document for the client

•

Produce a correlation document of cross-references for the client

•

Identify NGSS framework elements that are not supported by the textbook.

Each of these goals was met during the evaluation process. Evidence that these goals were
met is found in the section titled “Findings.” The methods were described clearly enough such
that future evaluators should be able to accurately replicate the process when evaluating other
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open science textbooks. Additionally, recommendations based on lessons learned during the
evaluation were made for future evaluations.
A discussion with the client on the usefulness of an evaluation focuses on the extent to which
the process used in the evaluation is practical and results in meaningful knowledge for the client.
In this case, the process used in the evaluation was extremely time consuming and may be more
practical if the process were shortened in some way. However, the process did result in valuable
information for the client.
A discussion of ethical considerations in a meta-evaluation focuses on what elements of the
evaluation required (or should have required) an ethical choice during the evaluation. In this
case, a significant element was that I was conscious of my own fatigue as I was tagging the
textbook. As a result, I was able to reliably tag the textbook without fatigue changing the results
of the tagging process.
A discussion of practical considerations focuses on whether other evaluators could use the
evaluation process and whether the client can implement the recommendations. In this case, the
tagging process was demonstrated to be effective when used by external taggers. Additionally,
the recommendations in the evaluation were all feasible in terms of implementation.
A discussion of the strengths and weaknesses in a meta-evaluation focuses on individual
strengths and weaknesses that are unique to the evaluation. Several key strengths of the
evaluation include that I was thoughtful about the process during the process development, that I
included external review as part of the process to establish reliability, and considered the
limitations of the evaluation. A significant weakness of the evaluation lies in the assumptions
that were made regarding when to tag NGSS elements. Many of the NGSS elements are rather
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subjective, and a different set of assumptions relative to the standards might have significantly
changed the outcome of the tagging process.
Conclusion(s)
Open educational resources are a powerful tool for students and educators, but their value
in science classrooms that implement the Next Generation Science Standards (NGSS) might be
limited. However, this limitation is not exclusive to open textbooks but applies to textbooks
generally. This project attempted to determine the degree to which an open science textbook
supported the NGSS. It found that while some of the standards cannot be supported by a
textbook, the book generally supports standards that a textbook can support.
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Appendix A: Evaluation Document for Doceo Center
Due to the size of file this would create, this document will not yet be embedded here. It
is available at this link: https://scholarsarchive.byu.edu/ipt_projects/6/
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Appendix B: Correlation Documents to Accompany Textbook
Appendix B includes the tagging data as five tables sorted by section: Performance
Expectation, Science and Engineering Practices, Disciplinary Core Ideas, and Crosscutting
Concepts. The contents of each table are identical, but they are sorted differently on each table.
These files are also available for download at https://scholarsarchive.byu.edu/ipt_projects/6/.
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Appendix C: Instruments
Appendix C includes a copy of the instrument used in tagging individual sections of the
textbook and the instructions given to external taggers. The tagging document is available for
download at https://scholarsarchive.byu.edu/ipt_projects/6/ The instructions for external taggers
is available for download at https://scholarsarchive.byu.edu/ipt_projects/6/.
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Instructions for External Taggers
The training document that was given to external taggers is included here as Appendix D.
The undergraduate sophomores, undergraduate seniors, and university faculty who tagged
sections were all given this document.
Process Overview
To complete the tagging process, complete the following steps. (1) First read the section
in its entirety. (2) Then determine if each NGSS element on the tagging sheet is present in the
text. Only NGSS elements that are explicitly stated in the text should be tagged. This means that
you should not, for instance, tag an item simply because you imagine that a teacher might do an
activity or project that fulfills a standard during the unit that the teacher is using that section of
the text. (3) When all tagging is complete, scan all pages and email a pdf to
spencer.b.perry01@gmail.com and cc an email to roycekimmons@byu.edu
Tagging Guidelines and Examples
Example: Section 3.1 cannot contain Performance Expectation MS-PS3-3, because the
standard asks students to “design, construct, and test a device that either minimizes or maximizes
thermal energy transfer.” Since the section does not actually do the design, nor does it ask
students do complete such a design, the section should not be tagged as including MS-PS3-3.
In contrast, Section 3.1 should be tagged on page 59 with MS-PS1-4, because it helps
students to develop a model that describes changes in particle motion when thermal energy is
added or removed. See Figure 1 for an example of how to document this in the textbook.
When elements are present, write the page number and justification next to the element
on the tagging sheet. Also write the NGSS element and justification next to the corresponding
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paragraphs in the textbook. Justifications should include the phrase(s) from the standards that
you identify in the text. These could be whole sentences or a just a few words. This process is
about what the textbook actually does and asks readers to do. It is not about what teachers or
students might choose to do after reading the textbook.
At the bottom of the tagging sheet, journal any meaningful decisions that were made
independent of the this document or any other noteworthy thoughts that arose during the tagging
process. See Figure 2 for an example of the tagging sheet.
Links and Resources
Download the Textbook
Print the Tagging Sheet
Performance Expectations
Science and Engineering Practices
Disciplinary Core Ideas
Crosscutting Concepts
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Figure 1. An example of notation on a page of the textbook.
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Appendix D: Complete Tagging Sheets
A selection of completed tagging sheets is included as Appendix D. The entire set of
completed tagging sheets are available for download at:
https://scholarsarchive.byu.edu/ipt_projects/6/
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Appendix E: Annotated Textbook Selections
Included in Appendix E is a selection of pages from the annotated textbook. Due to the
size of file this would create, this document will not yet be embedded here. The entire annotated
textbook can be downloaded at: https://scholarsarchive.byu.edu/ipt_projects/6/
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